Effect of various exposure scenarios on the biological monitoring of organic solvents in alveolar air. I. Toluene and m-xylene.
The present study was undertaken to investigate the influence of different exposure scenarios on the elimination of toluene and m-xylene in alveolar air and other biological fluids in human volunteers. The study was also aimed at establishing the effectiveness of physiologically based toxicokinetic models in predicting the value of biological monitoring data after exposure to toluene and m-xylene. Two adult male and two adult female white volunteers were exposed by inhalation, in a dynamic, controlled-environment exposure chamber, to various concentrations of toluene (21-66 ppm) or m-xylene (25-50 ppm) in order to establish the influence of exposure concentration, duration of exposure, variation of concentration within day, and work load on respective biological exposure indices. The concentrations of unchanged solvents in end-exhaled air and in blood as well as the urinary excretion of hippuric acid and m-methyl-hippuric acid were determined. The results show that doubling the exposure concentration for both solvents led to a proportional increase in the concentrations of unchanged solvents in alveolar air and blood at the end of a 7-h exposure period. Cumulative urinary excretion of the respective metabolites exhibited a nearly proportional increase. Adjustment of exposure concentration to account for a prolongation of the duration of exposure resulted in essentially identical cumulative urinary excretion of the metabolites. Induced within-day variations in the exposure concentration led to corresponding but not proportional changes in alveolar concentration for both solvents, depending on whether or not sampling preceded or followed peak exposure to solvent. At the end of repeated 10-min periods of physical exercise at 50 W, alveolar air concentrations of both solvents were increased by 40%. Experimental data collected during the present study were adequately simulated by physiologically based toxicokinetic modeling. These results suggest that alveolar air solvent concentration is a reliable index of exposure to both toluene and m-xylene under various experimental exposure scenarios. For clinical situations likely to be encountered in the workplace, physiologically based toxicokinetic modeling appears to be a useful tool both for developing strategies of biological monitoring of exposure to volatile organic solvents and for predicting alveolar air concentrations under a given set of exposure conditions.